Abstract-Manganese oxide/mesoporous carbon (MnO 2 /MCs) spherical composites were prepared by hydrothermal method. The resorcinol and potassium permanganate were used as carbon source and manganese source,respectively. The morphology and pore character of the carbon materials were investigated by scanning electron microscopy(SEM), Xray diffraction(XRD), and nitrogen adsorption-desorption. The measurements show the sample with the corresponding spherical morphology and mesoporous structure. By controlling the concentration of potassium permanganate, various amount of manganese in carbon/manganese oxide can be obtained. The composite was employed as the support of Au catalyst for CO oxidation. Different amount of gold has been deposited on the as-synthesized carbon sphere/manganese oxide, and the activity and stability of Au catalyst after sintered at 300°C has been tested. The 8%Au/MnO2/MCs-46 catalyst had obvious deactivation on stream after 65h reaction time at the reaction temperature of 185°C. Meanwhile, the sample further used as the supercapacitor electrode materials for electrochemical performance test. The specific capacitance of the MnO 2 /MCs-30 electrode is as high as 275 Fg -1 at 0.5 Ag -1 .
INTRODUCTION
In the past decade, the global warming and fossil energy sharply reduced has led to lots of efforts in developing low cost, safe and environmentally friendly energy sources [1] [2] [3] [4] . Supercapacitors has received considerable attention, owning to their high power density, long cycle life and fast charging-discharging rates [5] [6] [7] . Carbon-based materials, including conducting polymers [8, 9] and transition metal oxides have been widely used as electrode materials for supercapacitors. MnO 2 also has been study on supercapactor and CO oxidation. Owning to its poor electrical conductivity, MnO 2 was incorporated into conductive matrixes( such as carbon material) to overcome drawback [10, 11] .
In this paper, we report MnO 2 /MC spherical composite through a facile method to synthesis. Using the sample as the support of catalyst which is used for CO oxidation and using nickel foam with deposited sample as the working electrode which is used for Electrochemical measurements.
II. EXPERIMENTAL SECTION

Materials
Ammonia aqueous,ethanol,potassium permanganate, hexadecyl trimethylammoniumchloride(CTAC), tetraethyl orthosilicate(TEOS), were purchased from shanghai Titan Co. All chemicals were used as received without any further purification.
Synthesis
Synthesis of manganese oxide/mesoporous carbon spherical composite: For the typical synthesis of the mesoporous carbon spheres, CTAC(0.25g) and ammonia aqueous solution(NH 4 OH, 0.4g, 25wt%) were first dissolved in a mixture of ethanol(6g) and water(20g) which were stirred for 30min. Subsequently resorcinol (0.2g) and tetraethyl orthosilicate(TEOS)(0.4g) and formaldehyde solution(0.44g) were added to the reaction solution and stirred for 24 h at 30°C. The solid product was recovered by centrifugation and air-dried at 80°C over night. The carbonization was carried out in a tubular furnace under N 2 atmosphere at 300°C for 2h and at 600°C with a ramp rate of 1°Cmin -1 to make sure carbon spheres precursors completely converted subsequently. The carbon spheres and KMnO 4 (30mg, 50mg, 70mg, 100mg) was further dispersed in water and stirred for 2h.
The mixture was placed in a 40ml Teflon-sealed autoclave and maintained at 180°C for 40min. The product were washed with deionized water and ethanol, followed by drying at 60°C for 12h. The silica template was removed by 2M NaOH solution at 80°C for 24 h. Then samples were washed with deionized water and ethanol, followed by drying at 60°C for 12 h. To load gold nanoparticles, 0.5g of MnO 2 /MCs-46 was dissolved into 30g of water and 10ml, 50ml and 80ml of 0.243mmol/L HAuCl 4 ·3H 2 O was also dropped into the solution. The pH value was adjusted to 7 using 1.0 M NaOH, and the solution was heated to 75°C. The mixture was stirred for 2h, after which the precipitates were separated by centrifugation and washed four times with water. The product was dried at 40°Cand was calcined at 300°C for 2h to obtain the as-synthesized catalyst. The catalyst were then denoted as 1%Au/MnO 2 /MCs-46, 5%MnO 2 /MCs-46, 8%MnO 2 /MCs-46 , respectively.
Electrochemical Measurements
Electrochemical measurements were conducted on a computer-controlled potentiostat (CHI 660E,CH Instrument, USA) with a three-electrode electrochemical cell. The standard three-electrode electrochemical cell was fabricated using nickel foam with deposited sample as the working electrode, platinum wire as the counter electrode, and Hg/HgO as the reference electrode. The fabrication of working electrode, a mixture containing active materials (80wt%), acetylene black (10wt%), and polytetrfluoroethylene (PTFE; 10 wt%) were well mixed to form a homogeneous slurry. The slurry was then pressed onto a nickel foam with an area of 1cm 2 and followed by drying at 120°C for 10h. The mass loading of the active material was about 5mg. All the electrochemical measurements were carried out at 25°C using a 6M KOH electrolyte. The potentials for electrochemical measurements are reported relative to a Hg/HgO reference electrode and the potential window for cycling was confined between -1.1V and -0.1V. The gravimetric specific capacitance Cg was calculated according to the following equation using the discharge portion of the charge−discharge curves:
Cg=IΔt /mΔV=I/mK (1) where I, Δt, ΔV, m, and K are the applied current, discharge time,voltage change, the mass of active material, and the slope of the discharge curve, respectively.
Characterization
Scanning electron microscopy (SEM) images were taken by a Hitachi S3400 scanning electron microscope. X-ray scattering (XRD) measurements were taken on a Panalytical X'Pert Diffractometer using Cu Ka radiation (40 kV, 40 mA). Nitrogen sorption isotherms were measured at 77 K with a Micromeritics ASAP 2020 system. Before measurements, the samples were degassed in a vacuum at 200°C for at least 10h. The BrunauerEmmett-Teller (BET) method was utilized to calculate the specific surface areas. By using the Barrett-JoynerHalenda(BJH) model, the pore volumes and pore size distributions were derived from the adsorption branches of isotherms, and the total pore volumes(V) were estimated from the adsorbed amount at a relative pressure P/P 0 of 0.995.
III. RESULTS AND DISCUSSION
The SEM image of mesoporous carbon spheres (Figure 1a. ) was found that the morpology is spherical and partical size is about 300nm. Figure 1b shows the morphology of MnO 2 /MC spherical composite is also spherical and partical size is about 500nm. MnO 2 /MC spherical composite with bigger partical size illustrates MnO 2 doped on the surface of MCs . Futhermore, the MnO 2 /MCs-45 was employed as Au catalyst support for CO oxidation, and the result are shown in Figure 5 . Various Au amount (1,5,8%) was loaded on support , and was tested in a fanction of the temperature. The high loading of Au NPs have high activity in CO oxidation. The catalytic stability was tested as shown in Figure 5b . The catalyst had obvious deactivation on stream after 65h reaction time at the reaction temperature of 185°C.
IV. CONCLUSIONS
MnO 2 /MC spherical composite was prepared by hydrothermal method have good electrochemical performance. The specific capacitance of the MnO 2 /MCs-30 electrode is 275Fg -1 at 0.5Ag -1 in 6M KOH solution. MnO 2 /MCs composite is good for supercapacitor electrode application. MnO 2 /MC spherical composite was used as support of Au catalyst. The catalyst is active and stable，studying on CO oxidation. MnO 2 /MC spherical composite promotes the study process in electrochemistry and CO oxidation. 
